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In 1972, Terasaki (14) published a morphological, physiological, and biochemicd characterization of 49 strains of spirilla, including a number of new strains isolated from putrid infusions of shellfish (13) and a strain isolated from mosses collected in the Antarctic (see Table 1 ). In 1973, eight of the new strains were placed by T e r d (15) in five new species of Spirillum (S. psychrophilum, S. hiroshimense, S. pelagicum, S. pusillum, and s. multiglobuliferun), and three of the strains were placed in two new subspecies (S. itersonii subsp. nipponicum and S. peregrinum subsp. integrum) of previously established species. In the same year, Hylemon et al. (6) proposed that the genus Spirillum Ehrenberg 1832 be divided into three genera: SpirilZum, Aquaspirillum, and Oceanospirillum. Subsequently, additional characters were determined for the 11 new isolates mentioned above, and the results of both the original and the supplementary tests indicated that the freshwater strains possessed the salient characteristics of the genus Aquaspirillum (6, 9, 10) and that the marine strains possessed those of the genus Oceanospirillum (6,9,10). In the present paper, the new nomenclatural combinations necessitated by the transfer of these organisms and emended descriptions of the species and subspecies are provided.
MATERIALS AND METHODS
Bacterial strains. The strain designations of the 11 isolates used in this investigation, their identification when they were originally described (15) , their sources, and their dates of isolation are listed in Table   1 .
Maintenance of cultures.
The Spirillum strains were maintained as agar stab cultures at room temperature (15 to 33OC) with monthly transfers, except for strain CA1, which was maintained at 4°C with trimonthly transfers. Freshwater spirilla were maintained on a nutrient agar of the following composition (in grams per liter of distilled water): Arei-peptone (Kyoei Seiyaku & Co., Ltd., Tokyo), 5.0; Arei-meat extract, 3.0; and agar, 15.0. For marine strains, a seawater agar was used, with seawater (drawn from Kairo-en, Itsukaichi-cho near Hiroshima) being substituted for the distilled water in the above nutrient agar. In those cases where the ceUs of certain strains were apt to "straighten out" during maintenance, smooth colonies were occasionally selected so as to maintain stocks of typical morphology. The method used for freeze-drying the spirilla has been reported recently by Terasaki (16) .
Inocula. With the exception of the tests for determination of substrates that can serve as sole carbon and sole nitrogen sources, for observation of flagella hydrolysis of hippurate, esculin, casein, and starch, by the electron microscope, for determination of the inoculation was with a loopful of a 48-h-old culture in guanine plus cytosine (G+C) content of the deoxyri-nutrient broth (NB) or seawater nutrient broth bonucleic acid (DNA), and for determination of the (SWNB). For sole carbon and sole nitrogen source determinations, 48-h-old broth cultures were washed twice with the basal medium of Williams and Rittenberg (17) and suspended in the same medium; 0.05 to 0.10 ml of the suspension was used as the inoculum for each tube of synthetic test medium. For observation of flagella, determination of the G+C content of the DNA, and determination of hydrolysis of hippurate, esculin, casein, and starch, inoculation was performed according to the method of Hylemon et al. (6) . Morphology. The strains were cultured in 10 ml of NB or SWNB (contained in 16.5-by 165-mm cottonstoppered tubes) without shaking for 48 h. Measurements of cells stained with Loffler methylene blue were made with a calibrated ocular micrometer. The type of cell helix (clockwise or counterclockwise) was determined by phase-contrast microscopy of wet mounts; it was based on the pattern occurring when the bottom of the helix was brought into focus (14) . The possession and the type of flagella were determined by electron microscopy as described by Hylemon et al. (6) . The presence of intracellular granules, most likely poly-/?-hydroxybutyrate granules (12) , was determined by staining with Loffler methylene blue. The occurrence of coccoid bodies was determined in 1-week-, 2-week-, and 4-week-old NB or SWNB cultures.
Physiological characteristics. Basal media for the physiological tests were similar for the freshwater and the marine spirilla, except that media for the latter were prepared with seawater. The ability to grow anaerobically with nitrate was tested by use of deep tubes of NB or SWNB containing KN03 (0.156, wt/vol). Oxidation or fermentation of glucose, fructose, lactose, or sucrose was detected according to the method of Hugh and Leifson (4) and Leifson (11) by use of the following media. For freshwater spirilla, the medium contained (in grams per !iter of distilled water): Arei-peptone, 2.0; KzHP04, 0.3; agar, 3.0; bromothymol blue, ca. 0.03; and carbohydrate (sterilized by filtration), 10.0. For marine spirilla, the medium consisted of (in grams per liter of distilled water): Areipeptone, 1.0; yeast extract, 0.1; (NH4)804, 0.05; 2-amino-2-hydroxymethyl-l,3-propanediol buffer, 0.5; NaCl, 27.5; MgCL, 4.0; MgS04,2.0; KC1, 1.0; CaClz, 0.5; agar, 3.0; phenol red, ca. 0.01; and carbohydrate, 10.0. The pH of the medium was 7.0 to 7.2. Tubes were either sealed with liquid paraffin or incubated aerobically. The ability of freshwater strains to grow in the presence of 0.5 to 3.0% (wt/vol) NaCl was tested using peptone water (Arei-peptone, 10.0 g per liter of distilled water); for marine spirilla, growth in NaCl concentrations of 0.5 to 12.0% (wt/vol) was tested in a medium of the following composition (in grams per liter of distilled water): Arei-peptone, 10.0; MgCl,, 4.0; MgS04, 2.0; KC1,l.O; and CaC12,0.5. Growth at various pH values from 5.0 to 9.0, or at temperatures from 0 to 45"C, was tested in NB or SWNB. The ability to survive exposure to 60°C for 30 min or 45°C for 24 h was determined by inoculating broth with a loopful from a 48-h-old culture, incubating at the test temperature, and then incubating at the optimal growth temperature for the strain. Liquefaction of gelatin at 20°C was tested using nutrient gelatin (in grams per liter of distilled water: Arei-peptone, 5.0; Arei-meat extract, 3.0; gelatin, 120) or seawater nutrient gelatin prepared by adding the above-mentioned quantities of solutes to 1 liter of seawater. Nitrate reduction was tested in tubes of NB or SWNB containing a gas vial and 0.1% (wt/vol) KNOJ; both aerobic and anaerobic conditions were employed. Catalase activity was determined by adding 2 to 3 ml of ca. 3% H 2 0 2 to slant cultures; the appearance of bubbles within 30 min constituted a positive test. Sterile media and authentic cultures of Escherichia coli and Lactobacillus plantarum were employed as controls. The cytochrome oxidase test and tests for hydrolysis of hippurate, esculin, casein, and starch were performed according to the method of Hylemon et al. (6) . Nutrient agar or seawater nutrient agar was used in testing for the hydrolysis of 0.01 % phenolphthalein diphosphate. Hydrogen sulfide production was determined using a freshwater or a seawater medium consisting of 10 g of Arei-peptone and 0.1 g of cystine per liter of distilled water or seawater. Indole production was determined in tryptone broth (10 g of tryptone [Difco] per liter of distilled water or seawater). Ammonia production from cystine-free peptone (10 g of Arei-peptone per liter of distilled water or seawater) was determined with Nessler reagent.
Sole carbon or nitrogen sources. The basal medium for the determination of substrates which could serve as a sole source of carbon was that of Williams and Rittenberg (17), with NH4C1 as the nitrogen source (0.1%, wt/vol). Carbon sources were sterilized by filtration and were added to give a frnal concentration of ca. 0.05%. Turbidimetric measurements were made at 7 days with a Hitachi photometer at a wavelength of 470 nm and with 10-mm cuvettes. For determination of sole nitrogen sources, potassium pyruvate (ca. 0.05%) was used as the carbon source, and NH4C1 was omitted from the medium.
DNA base composition. Determination of the G+C content (moles percent) of the DNA was according to the method described by Hylemon et al. (6) .
RESULTS
The morphological and physiological characteristics and the DNA base compositions of the freshwater strains are summarized in Table 2 , and the characteristics of the marine strains are given in Table 3 . Photomicrographs of stained cells of these strains and also of cells seen by phase-contrast microscopy have been presented previously (10, 14, 15) . Cells of all of the strains except CA1 possessed metachromatic granules. Coccoid bodies were predominant in old cultures of all of the marine strains but were limited to strains KF8 and YF6 for freshwater strains. Except for CA1, the spirals of the cells of all of the freshwater strains were counterclockwise, whereas, of the marine strains, only IF6 possessed this type of spiral. Strain IF6 also possessed the smallest cell diameter of all the strains and was the only strain to have bipolar single flagella rather than bipolar tufts (see Fig. 1-7) .
Colonies on nutrient agar or seawater nutrient agar were generally smooth, although rough colonies were frequently seen, and the colonies of YF6 were qf the R type. I have previously reported the occurrence of smooth and rough colonies of spirilla (14, 15) . Colonies at 24 to 48 h were generally punctiform to circular and were circular in old cultures (except for YF6). Colonies were generally entire or undulate, convex or low convex, glistening; opaque, butyrous, and yellowish-white to pale yellow.
With regard to optimum temperature, strains CA1, AF1, and OF2 were unusual in having a relatively low optimum temperature compared to most spirilla, which grow best at ca. 30 to 35°C. Carbohydrate catabolism is also unusual among spirilla, and of the strains studied, only the freshwater strains KF8, YF6, and MF19 could catabolize carbohydrates. These strains caused acidification of fructose medium in both open and sealed tubes. With glucose, only KF8 and YF6 caused acidification, and only in the sealed tubes. Similar results with glucose were found with the type strain of S. itersonii (ATCC 12639) as well as with the type strain of S. itersonii subsp. vulgatum (ATCC 11331); Hylemon et al. (6) did not report this result for these two strains, because they tested acid production anaerobically only with sugars that had first allowed acid production aerobically (Krieg, personal communication). However, Hylemon et al. (5) reported that ATCC 12639 failed to transport glucose but possessed a transport system for fructose. Their transport studies were done under aerobic conditions with the cells cultured by shaking, and it is possible that S. itersonii strains may experience altered properties when cultured anaerobically. Hylemon et al. ( 5 ) indicated that enzyme systems, including glucokinase, capable of catabolizing glucose occur in ATCC 12639. According to Hylemon et al. (6) , failure to grow anaerobically with sugars indicates that energy for growth cannot be derived from fermentation and that spirilla which form acid anaerobically but which do not grow under these conditions are essentially aerobic and oxidative rather than fermentative. Strains KF8, YF6, and MF19 were the only strains to utilize fructose as a sole carbon source (see Table 4 ), and none of the strains utilized glucose as a sole carbon source.
With regard to anaerobic growth with nitrate (nitrate respiration), a characteristic so far confined to only two species among the aquaspirilla (A. itersonii, and A. fusciculus [See Ref. 9] ), only the freshwater strains CA1, KF8, and YF6 were positive. These strains were also able to reduce nitrate beyond the nitrite stage (in the case of CA1, visible gas was produced); however, KF8 and YF6 were unable to use nitrate as a sole nitrogen source (see Table 4 ).
With regard to NaCl tolerance, only the ma- shadowed with chromium, and all were photographed at the same magnification.
rine strains of spirilla were able to grow with seawater, and, indeed, these strains required at least 0.5% (wt/vol) NaCl for growth. Freshwater strains were inhibited by as little as 2.0% (wt/ vol) NaC1. Hylemon et al. (6) divided the genus Spirillum Ehrenberg 1832 into three genera on the basis of phenotypic characteristics and DNA base composition: the genus Spirillum for microaerophilic freshwater spirilla with a G+C content of ca. 38 mol%; the genus Aquaspirillum for aerobic, freshwater spirilla with a G+C content of ca. 50 to 65 mol%; and the genus Oceanospirillum for marine spirilla with a G+C content of ca. 42 to 48 mol%. The strains of spirilla described here were originally (15) considered to be members of new species or subspecies of the genus SpiriZZum, but in view of the redefinition of this genus (6) and considering the original descriptions (14, 15) and the presently updated descriptions of these strains, it is clear that the freshwater strains possess the characteristics of the genus Aquaspirillum and that the marine strains possess the characteristics of the genus Oceanospirillum. Consequently it i s proposed that the species and subspecies of SpiriZZum associated with these type strains be transferred to either Aquaspirillum or Oceanospirillum. cies and formal proposals of the new nomenclatural combinations are given below. Strain CA1. This strain is distinct from all other freshwater spirilla with the exception of a species of freshwater spirillum (Spirillum pleornorphurn) reported by Inoue and Komagata (8) because of its absence of metachromatic granules, its failure to exhibit phosphatase activity, and its ability to denitrify. Strain CA1 is similar to S. pleomorphum in the respect that the latter is also an isolate from the Antarctic (7) and has a number of characteristics which apply to most species of Aquaspirillum. However, unlike S. pleornorphum, the cells of strain CA1 possess bipolar tufts of flagella rather than a single polar flagellum and are not so remarkably pleomorphic as are those of S. pleomorphum; furthermore, strain CA1 has the ability to denitrify. Moreover, although the two spirilla are psychrophilic, the optimum growth temperature (20°C) and the temperature range for growth (2 to 26°C) of strain CA1 are higher than those (optimum temperature: 9°C; minimum temperature: below 0°C; maximum temperature: 20°C) Strains KF8 and YF6. The moderate cell diameter and counterclockwise helix in these strains and their ability to grow anaerobically with nitrate, to reduce nitrate beyond the nitrite stage, to catabolize fructose, and to form coccoid bodies in old cultures strongly indicate that these strains belong to the species A. ztersonii. Numerical taxonomy analysis has indicated for these strains a similarity value of 94% to the type strain of A. itersonii (ATCC 12639) (14) . A similarity value of 100% was obtained with strains KFB and YF6. The G+C content of KFB was 65.6 mol%, however, in contrast to G+C values of 60 to 62 mol% reported for the type strain of A. itersonzi ( 1, 2, 6 ). However, G+C values as high as 64 or 65 mol% have been reported for the type strain of S. itersonii subsp. uulgatum (ATCC 11331) (3). The cell diameters of KFB and YF6 appeared to be slightly larger than that of ATCC 12639, and the formation of coccoid bodies appeared to require ca. 2 weeks instead of only a few days as with ATCC 12639. Although it is likely that only DNA homology experiments can accurately assess the relationship between ATCC 12639 and the new strains, it is proposed that the new strains be best considered at present to represent a subspecies of A. itersonii. I originally assigned the name Spirillum itersonii subsp. nipponicum to this subspecies (15). However, the species S. itersonii has since been assigned to the genus Aquaspirillum (6) , and consequently the subspecies is here renamed Aquaspirillum itersonii subsp. nipponicum comb. nov.
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Aquaspirillum itersonii subspecies nippnicum (Terasaki) comb. nov. (Basionym: Spin'llurn itersonii subsp. nipponicum Terasaki 1973.) Description of subspecies. The description of the subspecies is as for the species (6, 15) except that the subspecies is distinguished by having a cell diameter of 0.5 to 0.8 pn (predominantly 0.5 to 0.6 pm), a G+C content of ca. 65.6 mol%, and a delayed formation of coccoid bodies (ca. 2 weeks before they become the predominant cell type), Source: Putrid infusion of freshwater shellfBh.
Type strain. Strain KF8 was previously designated as the type strain of the subspecies, and a culture of this strain was deposited with the IF0 under the number 13615. The G+C content of the DNA of this strain is 65.6 mol% (Tm).
Although the G+C value for strain YF6 has not been determined, this strain exhibits a similarity value of 100% with strain KF8 on the basis of phenotypic characters (14). The characteristics of strains KF8 and YF6 are given in Tables 2  and 4 . Strain KF8 was isolated from a putrid infusion of a freshwater shellfish, Semisulcosspira Zibertinu, caught in a brook at Hurutacho, Hiroshima (13), and strain YF6 was isolated from a putrid infusion of a freshwater shellfish (CorbicuZa juponica) purchased at a store in Osaka (13).
Additional comments. Strains KF8 and YF6 were found in the present study to be unable to grow with nitrate as a sole nitrogen source. Similar results were obtained for the type strain of A. itersonii ( Strain MF19. Because of the ability of this strain to catabolize fructose and no other car-bohydrate, its failure to reduce nitrate even to nitrite, its failure to grow anaerobically with nitrate, and its cell diameter of 0.5 to 0.7 pm, this strain clearly belongs to the species S. peregrinum. Its G+C value of 63.7 mol% is slightly higher than that reported for the type strain of S. peregrinum, NCIB 9435 (=ATCC 15387); however, unlike the type strain, MF19 failed to form coccoid bodies as the predominant cell form even after 28 days of incubation. For these reasons, it is proposed that strain MF19 continue to be regarded as a member of a subspecies of S. peregrinum. I originally gave the name Spirillum peregrinum subsp. integrum to this subspecies (15) . However, Speregrinum has since been transferred to the genus Aquaspirillum (6) , and consequently the subspecies is renamed Aquaspirillum peregrinum subsp. integrum comb. nov.
Aquaspirillum peregrinum subsp. integrum (Terasaki) comb. nov. (Basionym: Spirillum peregrinum subsp. integrum Terasaki 1973.) Description of subspecies. The description of this subspecies is as for the species (6, 15) except that the subspecies is distinguished by having a G+C content of 63.7 mol% and by failing to form coccoid bodies as the predominant cell form even after 28 days of incubation. Source: Putrid infusion of freshwater shellfish.
Type strain. Strain MF19 was designated as the type strain of S. peregrinum subsp. integrum, and a culture of this strain was deposited with the IF0 under the number 13617. The characteristics of this strain are given in Tables  2 and 4 . The strain was isolated from a putrid infusion of a freshwater shellfish (Cipangopaludina chinensis laeta) caught at Hiroshima (13).
Strains AF1 and OF2. These two strains are nearly identical to each other and appear to be typical members of the genus Oceanospirillum. A DNA base composition of 46.6 mol% G+C (determined for OF2) and a cell diameter of 0.7 to 1.0 pm indicate similarity to both Oceanospirillum beijerinckii and Oceanospirillum maris. However, their optimum growth temperature (25°C) and their temperature range for growth (2 to 35°C) are lower than those reported for any other marine spirilla. In contrast to 0. beijerinckii and 0. maris, they appeared to use a wide range of organic acids as sole carbon sources. Also in contrast to 0. maris, their catalase reaction was very weak. A numerical taxonomy analysis indicated that the two strains could be distinguished from all other marine spirilla (14) . Consequently, the strains were assigned to a new species, Spirillum hiroshimense Terasaki 1973 (15) . This species is here transferred to the genus Oceanospirillum, as follows:
Oceanospirillum hiroshimense (Terasaki) comb. nov. (Basionym: Spirillum hiroshimense Terasaki 1973.) Description of species. Cells are crescentshaped, S-shaped, or helically twisted with 1.5 to 3, occasionally 4 to 8, clockwise turns. When grown at 20 or 30"C, thecell measurements are as follows: diameter, 0.6 to 1.1 pm (predominantly 0.7 to 1.0 pm); wavelength, 3.0 to 4.0 pm; spiral depth, 1.2 to 2.5 pm. Cells grown at 3OoC are 3.0 to 40.0 pm (predominantly 4.0 to 18.0 pm) in length, longer than those at 20°C (2.5 to 26.0 pm, predominantly 4.0 to 12.0 pm), and tend to present irregular spirals. Motile by means of bipolar tufts of flagella. Metachromatic granules are produced. Coccoid bodies predominate in old cultures, and their formation is faster at 30°C than at 20°C. Colonies are punctiform or circular, entire, granular, and convex at 48 h at both 20 and 30°C; at 7 days they are circular, entire or undulate, granular, convex, glistening, opaque, yellowish-white or pale yellow, and butyrous. Broth cultures at 48 h exhibit low turbidity with thin membranous masses at the surface; the cultures become moderately turbid after shaking. Greater turbidity occurs at 30°C than at 2OOC. Seawater is required for growth, and growth occurs with between 0.5 and 8.0% (wt/ vol) NaCl in artificial seawater-peptone medium.
For growth, the pH range is 6.0 to 9.0 and the temperature range is 2 to 35OC; for optimum growth, the temperature is 25OC. Tables  3 and 4 . The strain was isolated from a putrid infusion of a marine shellfish, Crassostrea gigas, purchased at Hosogi, Hiroshima (13) . Reference strain AF1 was isolated from a putrid infusion of a marine shellfish (Ruditapes philippinarum) caught at a beach at Mukoujina, Hiroshima (14, 15) .
Strains AF2, IFS, and UF1. Strains AF2, IF5, and UF1 appear to be typical members of the genus Oceanospirillum. Terasaki (14) pre-viously reported that they could be distinguished from many other marine spirilla by their negative oxidase reaction when cultured in SWNB. Subsequently, however, it was found that when the medium of Hylemon et al. (6) (peptone-succinate-salts broth containing artificial seawater) was used, the oxidase reaction was positive. The three strains were very similar to each other, and a numerical taxonomy analysis indicated similarity values of 95% between AF2 and the other two strains and of 98% between IF5 and UF1 (14); however, there were some differences between the three strains with regard to gelatin liquefaction and the utilization of carbon compounds (see Tables 3 and 4 ). The cell diameters of these strains and the DNA base composition (48.5 mol% G+C) of strain UF1 indicate a similarity of these strains to 0. beijerinckii and 0. maris. Unlike 0. maris, however, these strains were phosphatase positive, and unlike both species they could use a wide variety of sole carbon sources. Terasaki (15) originally assigned these three strains to a new species, Spirillum pelagicum, which should now be transferred to the genus Oceanospirillum, as follows:
Oceanospirillum pelagicum ( Metachromatic granules are produced. Coccoid bodies are the predominant cell form in old cultures, even at 7 days. Colonies are punctiform or circular, entire or undulate, granular, convex or raised, glistening, opaque, yellowish-white or pale yellow, and butyrous in 48 h; they are similar but larger at 7 days. Broth cultures at 48 h exhibit abundant growth with membranous masses at the surface; they become heavily turbid upon agitation. Seawater is required for growth. Growth occurs in the presence of 0.5 to 8.0% (wt/vol) NaCl in peptone broth containing artificial seawater. The pH range for growth is 6.0 to 9.0. Minimum temperature for growth: 8 (15) , and a culture of this strain was deposited with the I F 0 under the number 13612. The characteristics of the strain are indicated in Tables 3  and 4 . The strain was isolated from a putrid infusion of a marine shellfish (Batillaria multiformis) obtained at a beach near the Suzugamine Women's College, Hiroshima (14, 15) . Strain AF2 was isolated from a putrid infusion of a marine shellfish (Ruditapes philippinarum) obtained at a beach at Mukoujina, Hiroshima (14, 15) , and strain IF5 was isolated from a putrid infusion of a marine shellfish (Mytilus edulis) caught at a beach at Kairoshiohama, Itsukaichicho near Hiroshima (13).
Strain IF6. 'This marine strain has a cell diameter and a DNA base composition similar to those of Oceanospirillum h u m . However, unlike 0, linum, the cells possess bipolar single flagella rather than bipolar tufts and reduce nitrate to nitrite. Moreover, in contrast to all other marine spirilla so far examined for type of helix, only strain IF6 exhibits a counterclockwise helix. A previous numerical taxonomy study (14) indicated that IF6 had a similarity of only 81% to any other species of marine spirilla studied. Terasaki (15) originally assigned strain IF6 to a new species, Spirillum pusillum. This species is now transferred to the genus Oceanospirillum. Although none of the other species in this genus possesses bipolar single flagella, all of the other characteristics of strain IF6 indicated that the organism is a member of Oceanospirillum.
Oceanospirillum pusillum (Terasaki) Colonies at 48 h are punctiform, entire, granular, convex or pulvinate, and glistening; at 7 days they are similar to the above-mentioned colonies but have a butyrous consistency and are yellowish-white. Broth cultures at 48 h exhibit abundant growth with membranous masses at the surface. Growth occurs in the presence of 0.5 to 8.0% (wt/vol) NaCl in peptone broth containing artificial seawater. The pH range for growth is 6.0 to 9.0. The temperature range for growth is 6 to 40"C, and the temperature for optimum growth is 32°C. Growth does not occur anaerobically with nitrate. Nitrate is reduced to nitrite, and oxygen inhibits the reduction. Gelatin is not liquefied, and carbohydrates are not catabolized. A wide variety of substrates can serve as sole carbon sources, and ammonium ions, but not nitrate, can serve as a sole nitrogen source. Indole is not produced. Phosphatase and catalase reactions are very weak. Oxidase is produced. Esculin, hippurate, and starch are not hydrolyzed. Hydrogen sulfide is produced at 7 days from cystine. The G+C content of the DNA of strain IF6 is 50.7 mol% (Tm).
Type strain. Strain IF6 was designated as the type strain of S. puszllum by Terasaki (15) , and a culture of this strain was deposited with the I F 0 under the number 13613. The strain was isolated from a putrid infusion of a marine shellfish (Mytilus edulis) obtained at a beach at Kairoshiohama, Itsukaichi-cho near Hiroshima.
Strain OF1. Strain OF1, a marine strain, has a cell diameter slightly smaller than those of 0. pelagicum, 0. beuerinckii, and 0. maris, although its DNA base composition is comparable to those of these species. This strain is distinguished from 0. beeerinckii and 0. maris by its use of a wide variety of substrates as sole carbon sources, and, unlike 0. maris, it produces phosphatase. It differs from all other marine spirilla studied in that it has a rather low salt tolerance (maximum tolerance is 4.0% [wt/vol] NaC1) and in that it rapidly and abundantly produces coccoid bodies. Even at 24 and 48 h, the number of coccoid bodies produced greatly exceeds that produced by any other marine spirillum. Consequently, Terasaki (15) assigned strain OF1 to a new species, Spirillum multiglo buliferum, which is now transferred to the genus Oceanospirillum as follows:
Oceanospirillum multiglobuliferum (Terasaki) comb. nov. (Basionym: Spirillum multiglobuliferum Terasaki 1973.) Description of species. Fusiform cells, crescent-shaped cells, and coccoid bodies are the predominant cell forms in 48-h-old SWNB cultures. S-shaped cells and cells having 1.5 clockwise helical turns are also seen. Cell measurements: diameter, 0.5 to 0.9 pm (predominantly 0.6 to 0.8 pm); length, 2.0 to 10.0 pm; wavelength, 3.5 to 5.0 pm; spiral depth, 1.0 to 2.0 pm. Motile by means of bipolar tufts of flagella. Metachromatic granules are produced. Coccoid bodies are formed in large numbers, even in 24-and 48-hold cultures, and occur in enormous numbers in older cultures. Colonies at 48 h are punctiform, entire, granular, and convex; at 7 days they are circular, entire or undulate, granular, glistening, opaque, pale yellow, and butyrous. Broth cultures at 48 h exhibit heavy growth with membranous masses at the surface; they become highly turbid upon agitation. Seawater is required for growth. Growth occurs with 0.5 to 4.0% (wt/vol) NaCl in peptone broth containing artificial seawater. The pH range for growth is 5.5 to 9.0. The temperature range for growth is 6 to 37"C, and the temperature for optimum growth is 30°C. Growth does not occur anaerobically with nitrate, and nitrate is not reduced. Gelatin is not liquefied, and carbohydrates are not catabolized. A wide variety of substrates can serve as sole carbon sources, and ammonium ions can serve as a sole nitrogen source. Indole is not produced. Phosphatase, catalase, and oxidase are produced. Esculin, hippurate, and starch are not hydrolyzed. Hydrogen sulfide is produced at 7 days from cystine. The G+C content of the DNA of strain OF1 is 46.1 mol% ( Tm).
Type strain. Strain OF1 was designated as the type strain of the species by Terasaki (15) , and a culture of this strain was deposited with the IF0 under the number 13614. The characteristics of this strain are given in Tables 3 and  4 . Strain OF1 was isolated from a putrid infusion of a marine shellfish (Crassostrea gigas) obtained at a beach at Kairoshiohama, Itsukaichicho near Hiroshima (13) .
